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1
A. INTRODUCTION

. thIn January 1; , 1966 while flying over Palomares (Almeria) in

the Southeast of Spain e~o United States Air Force planes collided while on

a mid-air fuel supply operation. One of the planes carrying four thermonu-

clear weapons, three of ~;n~ch,one intact were found on land in the vecini-

::f of Palom&~es, 24 hours after the aestr’~ction of the planes. Tke fourth

thermonucle~ weapon was found in the Mediterranean Sea in April 7th. The

parachutes of two bombs did not function, causing the detonation of the

conventional explosives within them. Thus, releasing their fissionablemate-

rial and igniting part of it. The aerosol formed by the ignition of the fi-

ssionablematerial produced & contaminating zlcud which covered 226 hectares

(558 acres) of unculti’{atedfarm and urban land. (See figure 1).

Somb number 2, for the purpose cf this study, landed about one

Tile to the ‘Westof Palomares (impact point number 2) and the plutonium -

bearing dust cloud was carried by 30-knot ‘Westwinds, aver non-cultivated

terrain, irrigated fields and the northern edge of the village. The cloud

fram impact point 3,Located in the east edge of the village, traveled away

from the vl~~age but across farmed areas.

An assessment of the situation began shortly after Zhe crash.

Visible fragments of both, bombs and air crafts were recuperated, procee-

ding to determine the ievels of alpha contamination in soil, vegetation,

houses and area residents. Superficial ‘alpha contamination levels were

measured with PAC-i5 alpha detectors.

Figure 1 shows the various levels of surface alpha contami

nation produced’and the extension corresponding to each level of alpha con-

tamination. The highest levels of contamination were found in non-cultiva-

ted lands located between small hills 1.500 meters southeast of town.
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;cr.~aminacedvegetat>zn was recuperated, zreatea and zsnslierea

as ?adioaczlve tiaste.

Tak:e 1 snows remediai zctions taken T= gzu”dingthe affectec

lanes accordin~ no the knowledge of the time so there ‘wouldnot he any

unacceptable rls.Kin the short anc Long term contamination of the crops :=

the area. Ten centimeters of top SO1l were removed m the areas were

superficial alpha concentration was 1200 kBq/m2 or higher. This materiai

was sealed in c~ntainers and sent ta the UnitetiStates. Arable land with

levels below 1259 kBq/m2 were wet down, plowed to a 30 cm depth, harrowed

ana mixed. On rccky hillsides in mea 2, where plowlng was not possible,
2

SO1l with plutcn~um level above 120 kBq/m was removed in some degree by

hanc tools.

TABLE 1. REMEDIAL ACTIONS TAKEN AT PAL3MARES

LOCATION SURFACE REMEDIATION

Impact point 2 1.6 Ha Removed top 10 cm

Impacz ;oint 3 5.6 Ha Removed top 10 cm

Remalzier 224 %a ?lowed ta 30 c,m where pihle

.

Once remealal actions ‘werecompleted and radioactive wastes

were removed,an experimental radiological surveillance program was esta-

blished in order to study long term environmental eff’ects.

Figure 1 shows the locatlon of the six 5C x 50 m study plots

established in order to comply with the object~ves of rhe short and long

term ~nvestlgation program on residual plutonium contamination on lands

and their effec~ over farming crops produced in the areas. These study

plots have been yearly surveyed since cultivarlcn began to determine cnnta
239p,d+240

mination by . Pu of agricultural products. However, since zhe

study plots have not been cultivated yearly d~e to diverse reasons, since

1978, sampling ‘hasbeen extended to neighboring areas where residual
239PU+240

Pu was similar.
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Far-,~ng procedures in the area are t~plc=l Of Mediterranean

agrlcult.:razones Of’scarce yearly precipitation l?.the order of 20C :/’(T2

‘wh~chrec’~lreart~ficial means of irr:=atlon. Until recent years lrrigatlcn

by flooding with,water pumped from weils in the area was prevailing system.

Recently, specially, in the ?roduction of tomatoes, melons, etc.

drop system is used. For cereals and alfalfa flooding procedures

sometimes aspersion systems are still in use.

a drop TZ

and

This report deals specifically with the evaluation of the reme

dial act~sns taken in the ~, _ h incidence cf plutonium contamina-

tion in agriculture products produced in the area, z~d, therefore, the

risks to Individuals derived from the use of this ;r~ducts through their

~i~ect ~nd in~ire~t ~onsumption, :e. ~nimal feea6

Towards this ena, we shall expose the results of the field

work and rheir application in order to determine the dose, which has

allowed us to arrive to some concl~sions in relaticn to:

239 .240
a) Evolution of ~u+ p!~c~n~entrat~~~s in soil of c~ltiva-

ted plots.

239 240
b) Concentration of ?’4+ Pu in the areas ma~n crops (toma-

tces, barley and alfalfa) through a long period Gf’ time.

239~u+240
c) Relation of ?U concentrations in soils and ‘~egeta-

tion in order to estimate transference factors due to agricultural practice

typical in the area and its weather conditions.

d) Concentration of
239PU+240

Pu in the totality of annual crops

by hectare for each ~rincipal crop, and in consideration of the estimated

transference ratios.

e) Collective committed effective dose equivalent, S
E,70’

resultant from direct ingestion by humans of annual tomato crops by a

cultivated hectare, and in meat, milk of COWS, pigs, etc. consuming animal

feed from the area.
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f) Collec:2ve

ZT.e area and deducr~~n of

z?.ese remedial acti:ns in

~qc ch~acterl StlCS 2s in

aerosols .

2. FIELD WpERIMNTS AND RESULTS

The field experimentation carried out along the years and the

res~lts c~talned are expounded below.

2.: PLUT3NIUM CONCENTRATION IN SOILS.

The soils of Palomares, according to ;~e~r ;etrograFr.lcal

com,posit~oncan be classified as Lithograywacke-phyiloarenlte with a 50%

matrix where the granular component (grave-sands) are fragmenzs of rocks,

mainly shale-type metamorphic rocks.

The average mineralogical composition 1s: 38,5% quarz, 39.C%

moscovite-lllite, .21.4%carbonates (calcite and dolcmlte) , 3% irzn oxides

a.ncopaque minerals, 1.4% chlorlze and 2% vegetabie remains. T?.esecompo-

nen~s ~ep~esent more :Ran 95% of tk.e total mineral camposlt~on.

The med~m content cf organ~c carbon IS 5.2-% and h.u.nlcacids

represent 47% of tb.etotal organic carbons.

In order to study the evolution of Plutonlum concentration in

the soil iue to the agricultural activities in the areas on a lcng term

basis, slx study plots (figure 1 : were established. These plots were

designated as 2-1, 2-2, 5-1, 5-2, 3-1, 3-2. In order to detern~ne the con-

centration of plutonium in these plots, periodic sampling has keen

conducted since 1966 from nine points along the diagonals, equlaistant

from each other. Each soil sample ‘::=s30 mlllmeter diameter and .45centlme

ter deep divided into five sections (O-5, 5-15, 25-35 and 35-45).

Plutonium concentrations in soil samples represent a total of

2160 analysis. The results have shown that plutonlum concentrations are

heterogeneous,but due to farming practices over the years, homogeneity
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is increasing, always showlzg a slightly variable concentration :n the top

sol:.

Table 2 shows ;Le average c~ncentration of
229p~+240?,~in each

of the szudy plots, Zue to ~h.efact that plot 2-1 has not been cultivated

the plutonium concentration shown corresponds to the top 5 cm.

In all study plots a correlation between the size of soil

par~icles and the ccncentrar:on of plutonium exist. The largest concentra-

tion corresponds to the frac~ion between 63 and 250 #m. Fractions smaller

than 10 ~m have only been associated with 15% of the total plutonlum acti-

vity, increasing the associated percentage In particles cf less than 5 ,pm

in :F.emore cul:iva~ed terra:ns.

2.2 PLUTONIUM CONCENTRATIONS IN CULTIVATED CROPS.

The main ucps k~ T& areaare tomatoes, barley and alfalfa. In the

past few years the production of water melons and peppers increased. Corn,

beans z~d o;her p~~ducts are only a small percentage of the areas cropped.

Thus, our main interest in this report has been the correlation between

pl’~roniumconcentrations in SOI1 and ccncamlnation of tcmato, barley and

alfalfa crops in the area.

The plan to determine plutonium contamlnatlcr. in the area began

in 1968. It sampled and anaiyzed agric’~itural products c’a:tivatedin the

plots used to study the evolution of residual plutani’lm In the soil.

Vegetation sampling took place within an area o:a circumference

of a one meter radilus.with a center in each of the tine points in the plot

where the soil samples were taken. Each sample correspond to a 5-10 kg of

weight. ‘Whencontrol of other plots in the zone was established in i978, a

~ sampling system was implemented taking 5-10 kg samples of each part

of t?,estudied plants.

studied,

than the

Many years of sampling have demonstrated that not all samples

even from the same plot, present plutonium contamination higher

minimum concentrations detected by our analytical procedures. 4

—.
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zhose which show Filgr.e?than minimum tie~ectablecczcentrarionof Plutnushar.a
239

?U+240?U concenrrzclon in each of t5.eparts of TF.eagricultural pmcuc:s

controlled; this average concentration c~rresponds co the results of k.~gher

minimum detectable concentrations.

As a result of the observarlon of the samples labeled positive

we can deduce that zke effect of resuspension of the plutonium particles

in soil plays an l~,?ortantrole in the contamination of agricultural

products cultivate in the area. The P,lghest perce~tage corresponds tc

those parts of the piants wnich presenz larger surface or higher poslbili-

ties of retaining superficial particles (tomato leaves, straw and barley

Spicules, alfalfa leaves) .‘~’eshall alsc ccnsiderer imoortanc That only 5%

of the samples of wasned tsmatoes show ;Lutonium c~ntamination. Thus, tie

considered that a great part of the plutonium contamination in these agri-

cultural products is due to the externai surface contamination and not by

absorption through the plants’root.

Tables 4, 5, 6 and 7 show rhe average c~ncentration of
239?U+

24G
PU in tomatoes, karley and alfalfa, z~rrespondir.g to the samples taken

through long periocs cf time in each of the estuay plots and neighbor:r,g

areas. These tables also express the ‘Jaiuesof SOIL plant csncentrat~sn

ratios. Accordicg :s zhese values, and far each anc every crop, we can

deduce ?F.efollowing:

a) Tomatoes.

The average concentration of
239

Pu+
240

Pu In the edible part
-1

are comprised between S.G4 and 0.45 .Bqx kg and zre inferior in one

order of magnitude YZ those of the plants, stalk aza leaves, which have
239shown concentration of PU+240

Pu lr?the range of -1
f3.04 :0 7.68 Bq X kg .

In washed tomatoes, we have found lower percentage of contaminated samples
239 240on top of which the concentration of ?U+ Pu is in a range of 0.004 to

-1
0.24 Bq x kg .

4
The soi:-fruit concentration ratio are ~n the range 0.2SX1C -

2.70 X 104. Th”esoil-plant concentration ratio are between 0.04 x 10
-3

-3
and 5.24 X 10 .
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b) Barley.
239PU 240

Contamination by ?U

Par:s of th,e b?riey plant, which are not

magriltiude.:he average concentration of

~.~ different in the diverse

‘-nerally higher in a scale of5-
~~g

Pu+
240

Pu In the barley grain
-1ranges bet’~eenG.34 and 6.00 Bq x kg . In Ehe straw ir ranges between

1.36 and 12.51 Bq X kg
-i

and in the spicuie between 0.65 and 10.35 Bq x
-1

kg .

The soil-grain concentration ratios determine range between

2.9 X IC-4
-3

co 4.34 x 10 . For the straw, zhe soil-straw concentration
-3

rati~ ranges between 2.14 x 10 to 1.32 X LO-2, For the spicule, which

1s zr.ePart of the barley plant nor ~sed ~z animal feed.since It is

discaraea ?zrlng rhe preparation ;r~cess, zhe soil-splcule concencraticr,
. -2ratlas are In the range of 5.9 x lC-+ to i.37 x 10 .

c) Alfalfa.

The average concentrat~on of
239~u+240

Pu corresponding to

samples of’edible parts of the alfalfa obtained in t:hediverse plots of

the area rm.ge betweefi0,90 and 4C.30
-1

Bq X kg . The values for soil

plants concentration ratios range, except for one sample set, between

..75 x 101
-3 -2

=08.2 X l~r .

The range of values corresponding to soil plant concentrat~on

rat~os obtained from the samples wlrh concentrations of
239

?u+240?U higher

than our detectable minimums, and the percentage of samples with posltlve

results, included in Table 3, show to our .judgementthat the resuspension

plays an inportant role in plutonium contamination in crops produced in

the area of which a significant par? 1s of the external sur~ace type.

As a result of the experimental data collected in the field

work carried out in the Palomares area, we have concluded that given its

climatological conditions and the farming procedures used for each type of

crop, the average values of soil-plants .concentration ratios are those

expressed in Table 7.
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2.3 SOSES DERIVE2 FROM ‘YE CROPS.

8asea ~n tk.e zedium of :?.edata obtained j’ez”ly regar?:zg the

pr~ductivity of the crcps in the Palcn~es area, it can ?e deduced Zhat

the annual harves~ is the following:

Tomatoes: 80.000 Kg/Ha

Barley:
Grain: 2.500 Kg/Fa

Straw: 2.2!20Kgftia

Alfalfa: 70.300 Kg/Ha

We have ccnsld,eredto

which points to c?.efacz that all

has been stated that this is not so.

Table 8 shows the values af the collective committed effective

dose equivalent. These have been derermlne ?fter considering the average

soil-crop concentration ratios (Table 7), :he ingestion to milk transfer

coefficients specified for Terra Code (ref. 1 ) and the highest ‘;aiues

of Sv/3q ratios (ref. ~ ) for the es-”-...atiar of the comm:z:ed effec:lve
239 p40

dose equ~valent by means of the ingeszlon CY ?*J+ ?,lbY indivL5~Aa~S

of different ages. These ‘~aluesare g~’~enzz crops culti’Jated in SCILS

23gPu$40Pu of :he 2.1 x LO
-3

with a concentratl~n of ~q X Kg
-1 order.

As a result of this findicg, the direct ingestion of ncn - .

washed tomatoes produced by hectare, ~ould represent as, a maximum, a

collective committed effective dose equivalent, SE,70’
Of 3.0 X 10-5man

Sv x year
-1

for adults. The individual dose would be cn the order ~f

1.5 Llsvx

animal in

decreases

-1
year “whenbased on a yearly consumption of’43 Kg of tcr,atoes.

In cultivation of produc:s which are used fsr feeding comestic
239 ~40

soils w~rh this degree of PU+ Pu contamination considerably

the value of the collective dose, S~ 70, for the public, since
*

for each cultivated hectare, and acccrding to the production of alfalfa or

barley, the collective doses, SE To, would be represented by the c3nsumpticn
t

of meat by Adults,
-9 ~d

which runs between the range of 0.6 x LO :.9 x

10
-9 -1

man Sv x year and the consumption of milk by babies which runs
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between
-9 -9 -1

the range of’C.4 x 12 and 4.: x 10 .nanS’Jx year .

In ccjncius~~nthe c’uitivaticr.of soils wit$.a leSS degree of
239~u+240

PU contamlnatizn wiil produce LDwer values cf the czilec:ive

doses, S in a proportional factor to the relation of concentrations
of 239pu~2~8’

pu in the soils. Therefore, ~he collective dose ierived from

the cultivated products WOUIC be, at least, a 10 factor lower to those

expressed in Table 8 irLmost of the area.

CONCLUSIONS

Field s~uay iata ;~tained th?zqugh the observarlzr.>f those

crops cultivated in concamlnazea soiis by ~lutonlum, and whicn were

subject to the dilution of superficial contamination by plougning to a

depth of 30-40 cm, as a means of remedial action, allows us t~ present

the following conclusions:

1) In Mediterranean climatological plazes xith scar~precipi- -.

ration, the external surfaze csntaminaclcn of those pr~aucts zonramnated

bY plutonium, by means of resuspension, represents an imporca-.c?rocess.

The values of the soil-crop c~ncentratlon ratios are in the crier of 10
-4

for tomato Fruit and 13
-3 for The tomato

components of barley and alfalfa.

2) Dilution by ploughing and

slant and for the ti:’~erse

.

~omogenizatio~ methods used as

renedial action in soils with superficial contamination by pl:torilum on

the 120-1200 kBq/m2 range represents that,for each c’~ltivatek?.ectarefor

?roducts used as aninal feed, zhe collective committed effec~>’Jedose

equivalent, SE To, proceeding from the beef ingesticn of anlr.aisfed only

‘withalfalfa o: barley (grain and straw) contaminated from tnese soils,
-9would be, -1as a maximum, in the order of 10 man Sv x year . After the

ingestion of milk produced by cows fed with those crons, these would range,

as a maximum, in
-1

nan Sv x year x

This

for 104 years in

-9
the same order of magnitude, it is to say, a$out 10

Ha-l .

would represent a collective effective dose cmmittment

the order of 10-5 -1man Sv x Ha .

-.

-..—



ye?.rs,xould ‘be>n the ~rder of I zan Sv b:; nectare.

TO achieve a collective effecz:”Jedose cctmmitmentno higher

than 1 ~an 5~J Tar 104 years. as a csnsec’uencecf inc~’Jldualconsumpt~or. Z:

f~ocstuffs c’~ltivatedin these soils, L= b.as5een 5eti’~ced:

Theref~re, an Inter’fentionLevel ~f 120 k3q/m2 ‘MQuld 5e t?,e

deduced one In

to 1130hectares

order to l.mpleme~.tthis re~ed:al action to exrenslons J?

devoted to these crops.
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The extension of those ccn:amlnatea areas and :he value of the

surface contamination will play an inportant role in the optimization of

the Intervention Levels with could be applied in tk,ecase of an accicenr.

Those var-iations That could~emerge iz zhe knowledge of the transference

factors and those of the international acceptable norms for determining

the value of the c~llective dose comrriltnentthat establishes the exempzion

limit shoul also be considered.
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REMEDIAL ACTIONS TAKEN AT PALOMARES
FOLLOWING THE JANUARY, 1966, ACCIDENT

Location . Hectares* Acres Remediation

Impact Point 2 1.6 4 Removed top 10 cm
Impact Point 3 0.6 1.5 Removed top 10 cm
Remainder “

I
224 550 Plowed to 30 cm t,t.

I
where possible

Total 226 558

●259 hectares equal one square mile.



Table 2.-CONCENTRATION OF PLUTONIUN

IN STUDY PLOTS.

‘LoT” I 2-1 I 2-2
239PU :q”p”

Concentration 0.44 2.1

~,K f3q X Kg-’

3-1

1.1

3-2

1.8

5-1

0.13

5-2

0.29

I

.
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Table 3.- PLUTONIUM CONCENTRATIONS IN

CULTIVATED CROPS FROM PALO MARES.

PLANT N“ SAMPLES Pu Cone., tiq X Kg-’

Species Part Total 0/0 Positive 7( in positives

TOMATO Fruit 159 28.3 0.22

TOMATO Washed fruit 231 6.1 0.15

TOMATO Plant 206 41.7 4.42

BARLEY Grain 496 26.8 2.47

BARLEY Stalk 496 37.0 5.87

BARLEY Spicule 144 58.3 5.38

ALFALFA Plant 112 39.0 3.33

I

}-,
(11

I



Table 4.- PLUTONIUM DISTRIBUTION IN SOILS AND TOMATOESCROPS
AND SOIL-PLANT CONCENTRATIONRATIOS IN PALOMARES.

Plot

(2-2)A’

(2-2)6’

(2-2)C’

3-2

(3-2)A’

3-1

(3-l)A’

(3-l)B’

5-2

!3gPu?’bu
:oncentrat-n

in Soil
Bq X Kg-l

2.1X103

2.1X103

2.1X103

1.8X103

L8x103

l,lxlo3

LIX103

1.1X103

0.29x 103

!39 240
Pu + Pu_Concentration in tomatoc

X, 13q X Kg-l

Fruit

0.18

0.20

0.15

0.45

0.28

0.042

0.30

0.27

:0.0004

IVashedfrui

0.18

0.24

0.14

0.23

20.0004

0.004

0.21

0.02

20.0004

I

Plant

0.56

7.68

7.20

3.10

6.28

1.79

1.21

0.04

1.52

Soil-plant concentration ratio

Fruit

0.85x10-’

O.95X1O’

0.70 X104

2.50 x16’

1.60x 104

0.38 x104

2.70x 104

2.50 X164

—

WashedFrui

0.85x 104

1.14 X10-4

0.70 X10-4

1.20 X10-4

—

0.04X104

L90X10-4

0.18x104

—

Plant

0.27x 10-:

3.65x10-:

3.43 X10-2

I.72x10-3

3.49X103

I.63x10-3

Lloxlo3

).04X 103

j.24x103

I

I

.5
I

‘
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Table 5.- PLUTONIUM DISTRIBUTION IN SOILS AND BARLEY CROPS
AND SOIL-PLANT CONCENTRATIONRATIOS IN PALOMARES.

Plot

2-2

(2-2)A

(2-2) B

3-2

(3-2)A

3-1

(3-l)A

(3-1)8

(5-2)A

(5-2) B

5-1

23gPu2:0Pu
:oncentrut ior

In Soil
Bq X Kgl

2.1 X103

2.1 X103

2.1 X103

1.8x103

1.8x103

1.1 X103

1. 1X103

1.1X103

O. 29x103

0.29X103

0.13X 103

?39PU240PU

{
i

Grain

6.00

0.82

0.61

2.67

4.65

1.17

2.29

0.99

0.34

1.26

0.43

oncentration in barley
,Bq X Kg-l

Straw

8.89

8.94

4.82

3.85

5.28

2.72

12.51

3.05

1.36

1.40

1.71

Spicule

2.16

8.15

3.28

5.92

6.36

0.65

5.48

10.35

3.14

2.60

2.56

Soil plant concentration ratio

Grain

2.86x103

0.39X 103

0.29x 103

1.48x1031

2.53 x10-3

L06x103

2.08x103

0.90X103

1.17X 10-3

4?34X10-3

3,31 X10-3

Straw Spicule

4.23 x10-3 1.03 X10-3

4.26x103 3.88x103

I2.30x103 1.56x10-3

2.14 X 10-3 3.29x10-3

2.93x103 3.53 X10-3

2.47x103 0.59X103

11.37 X1”0-34.98x10-3

2.77x10-3 9.40 X10-3

4.69x10S 10.83 xIO:3

4.82xlti3 8.96x10-3

13.20 x10-3 19.70 x 10-3

I

t->
(n

I
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Plot

(2-2)A’

3-2

3-1

5-2

5-1

5-l)A”

5-1)0”

5-l)C”

Table 6.-PLUTONIUM DISTRIBUTION IN SOILS AND ALFALFA CROPS

AND SOIL-PLANT CONCENTRATIONRATIOS IN PALOMARES.

2sgpu~Opu
23h.710Pu Concentration in alfalf,

COncentratior ~, Bq X Kg-]in Soil
Bq X Kg Plant

2.1X103 8.40

1.8x103 - 3.20

1.1X103 40.30

0 .29x103 0.90

0 .13X103 0.98

0. 13X103 1.06

0. 13X103 0.66

0 .13X103 0.68

S.oii -plant concentration ratio

Plant

4.00X 10-3

1.78 x10-3

36.60 xlo-3

3.10 X10-3

7.54 X10-3

8.15 x10-3

5.10 X10-3

5.23x 10-3

J

I

P

I UI

I

\

(



(
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Table 7.- SOIL-PLANT CO NC ENTRA-
TION RATIOS.

PLANT

PECIES

]matoes
II

II

Barley
II

II

Alfalfa

PART

Fruit

Washed fruit

Plant

Grain

Straw

Spicule

Edible

CONCENTRATION RATIO

1 .5X10-4

0.9X 10-4

2.3x 10-3

1 .9X10-3

5 .0X10-3

6.2x 10-3

8. 9x 10-3

I

n)
o
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